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1．简单氨基酸催化的环己酮与 β-硝基苯乙烯的 Michael 加成的反应机理和选择
性研究 











（1） 脯氨酸催化的共轭加成以 R 构型对映产物为主，加入哌嗪类添加剂有利
于提高其手性选择性。 
（2） 丙氨酸体系的产物也以 R 构型为主，虽然反应较脯氨酸体系容易但选择
性较差，加入哌嗪类添加剂可有效提高其选择性。 










































The dissertation is devoted to the theoretical study on asymmetric Michael 
addition catalyzed by simple amino acids and their derivatives. We employed the 
hybrid density functional, B3LYP, in combination with the standard 6-31G* basis sets 
(denoted B3LYP/6-31G*), as implemented in GAUSSIAN 03. To obtain more 
realistic energetics, single-point calculations were performed using the larger 
6-31+G** basis sets in combination with the CPCM model to include solvent effects. 
Through the differences of conformation and energy among the enantiomers of 
transition states, the origins of stereoselectivities and main factor of these reactions 
were explained very well. It could be employed as a trend of designing new catalysts 
in future experimental studies. The following conclusions can be drawn: 
1. Michael addition of cyclohexanone and β-nitrostyrene catalyzed by simple amino 
acids: reaction mechanism and selectivity 
(1) In the so-called proline catalyzed reaction, the classical enamine mechanism is 
kinetically unfavorable, therefore the proline does not affect the C-C bond 
forming. The major pathway is the uncatalyzed mechanism without 
enantioselectivity, which is kinetically more favorable, thus the poor selectivity of 
proline catalyzed Michael reaction can be explained. 
(2) In the proline derivative (tetrazole of homoproline) case, the major way is 
enamine mechanism, which is kinetically more favorable. In the alanine case the 
major ways are two different enamine mechanisms. 
(3) A trend was concluded that the flexibility of catalysts determines the viability of 
enamine pathway of proline-like catalysts. 
(4) A new way to enhance the enantioselectivities of amino acids and their derivatives 
could be developed by simply increasing the length of side chain or transforming 
cyclic catalysts to acyclic catalysts. 













acids: reaction mechanism, selectivity and the usage of additives 
(1) The major adduct of proline catalyzed conjugate addition is R-enantiomer, the 
addition of piperazine-like additives can enhance the enantioselectivity. 
(2) The major adduct of alanine catalyzed conjugate addition is also R-enantiomer, 
although the original selectivity is not very good, the addition of piperazine-like 
additives can enhance the enantioselectivity effectively. 
(3) The double hydrogen bonding effect of piperazine-like additives can lower the 
energies of transition states of R-enantiomer, thus can enhance the 
enantioselectivity, and it is applicable among amino acids and their derivatives 
catalyzed Michael reactions which undergo through imine mechanism. 
3. [3+3] cycloaddition catalyzed by proline: reaction mechanism and selectivity  
(1) The simultaneous existences of imine and enamine intermediates formed by 
proline and α,β-unsaturated aldehyde can greatly lower the energy barrier of the 
Michael reaction of first step. The [3+3] reaction undergoes through the 
MBH-like mechanism. 
(2) In the [4+2] reaction, the indirect Mannich pathway proposed by Hong is 
unfavorable because of its very high energy barrier caused by the two excessively 
close proline rings. The aldol pathway which releases one molecule of proline by 
hydrolyzation is reasonable. 
(3) 2-methylcrotonaldehyde can not undergo [3+3] cycloaddtion because of the steric 
blockage of the methyl in its intermediate. The major pathway of crotonaldehyde 
is not [4+2] cycloaddition because of the high energy barrier of hydrolyzation of 
its intermediate. 
(4) The key steps to determine the stereoselectivity of products are the Michael 
reaction step and aldol reaction step. 
 
 
























其一般式如图 1.1 所示： 
 
 
图 1.1 Michael 加成反应[3] 
 
自 1887 年 Michael 反应被发现以来，科学家们对 Michael 反应的研究一直没
有间断。除上述同核 Michael 加成反应外，人们还发展了由氮、硫、氧等亲核试
剂作为给体的异核 Michael 加成反应。现在，Michael 反应已经成为用来形成 C-C, 
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§1.1 Michael 加成反应在有机合成中的应用[6] 





如鸟嘌呤衍生物阿昔洛韦(acyclovir 1 图 1.2)具有抗 HSV-I 和 HSV-2 活性，甘昔
洛韦(ganciclovir 2)具有潜在的抗巨细胞病毒活性，芬昔洛韦(penciclovir 3)具有与
阿昔洛韦相似的生理活性；HPMPC(胞嘧啶衍生物)、HPMPA(腺嘌呤衍生物)等能
不同程度的提高艾滋病患者的存活率，可有效抑制 HIV 等病毒的危害。 
 
 





2-氨基嘌呤的烷基化反应更是只得到 N-9 位烷基化与 N-7 位烷基化的混合产物
(其中 N-9 位产物所占比率较高)，分离时需要柱色谱及分次结晶。目前唯一可以
完全得到 N-9 位烷基化的合成是 6-氯嘌呤与丙烯腈的 Michael 加成反应，以及腺
嘌呤与另外四种 Michael 受体的 Michael 加成反应。 


















些发现可以用 Michael 加成的可逆性解释，反应的热力学决定了 N-9 产物是热力
学上 有利的，因而可以被专一的合成。 
另一方面，提高选择性的加成反应也可以通过控制反应条件、改变受体结构
来实现。Jiang 等[15]用 K2CO3 催化腺嘌呤与甲基异丙基酮在 DMSO 中的 Michael
加成，产物为 N-9 位加成，产率达到 66.6%。陈庆华等[16,17]用三乙胺催化嘌呤、
嘧啶与手性冰片的Michael加成反应，得到了一系列带有手性侧链的核苷类似物。
DBU 也是嘌呤、嘧啶高选择性 Michael 加成反应的一个良好催化剂[18]。大量研
究工作[19-29]证明在适当的 Michael 受体与合适的反应条件下，对于嘌呤、嘧啶的






§1.1.2 高分子合成改性中 Michael 加成 
Michael 加成反应也可以应用于高分子合成和改性。在一篇对聚乙烯醇(PVA)
进行改性的报导中[31]提到在 DMSO 中丙烯酸酯与 PVA 上的羟基进行 Michael 加
成，接枝率可高达 30%。随着高分子化学的发展，Michael 反应的应用开始渗入
到新型结构的高分子、功能高分子和构建高分子链的研究中，新型结构和功能性
的高分子通过 Michael 反应的应用得到了很大发展，如卓仁禧等[32]利用 Michael
加成反应合成了一种星型的载药高分子，随着分子量的增加，其端氨基增加，对
5-氟尿嘧啶的负载量随之增加。Hobson 等[33]合成了一种发散型树枝状高分子，
每个节点均为氮原子，通过 C-N 键的 Michael 加成反应将高分子链向外发散。Liu
等[34]通过 Michael 加成反应对聚合物进行接枝改性，Xu 等[35]合成了可以进行紫
外光照射固化的聚合物。 
Michael 加成反应除能进行接枝聚合、改性外，还可以构建直链高分子。例
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酯的聚合；Hulubei 等[37]用 Michael 加成聚合得到了新型的聚(二马来酰亚胺-醚)；
Patel 等[38]合成了端氨基的寡聚亚胺；Gaina 等[39]通过 C-S 键的 Michael 加成反应
合成了一种新的聚硫醚。 









在 Michael 加成反应过程中，通过亲核试剂(给体)对受体 β 位的加成使得 β-
碳由 sp2 杂化转变为 sp3 杂化，这种转变导致了对映选择性的发生[40]。由于不对
称 Michael 加成反应的反应产物是合成许多功能化合物的重要光学活性中间体，
且高光学纯度的手性化合物在有机合成、医药中间体等方面的应用也得到越来越
广泛的关注，人们对催化不对称 Michael 加成反应领域有着极大的兴趣。 



























金属手性络合物催化剂。据 Shibasaki 报道[42]从二异丁基氢化铝，(R)-BINOL 和
LiBu、NaOBu-t、KN(TMS)2 和(或)Ba(OBu-t)2 制备的手性催化剂对 Michael 加成
反应也是有效的。Shibasaki 等还合成了其它含镧的杂双金属络合物，如镧-锂-



















在下，催化活性和对映选择性明显提高。相应加合物的 ee 值 (enantiomer excess
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